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Abstract — The process simulations are made on the IGCC power plant using heavy residue oil from refin-
ery process. In order to model combined power block of IGCC, the present study employs the gas turbine of
MS7001FA model integrated with ASU (Air Separation Unit), and considers the air extraction from gas tur-
bine and the combustor dilution by returned nitrogen from ASU. The exhaust gas energy of gas turbine is
recovered through the bottoming cycle with triple pressure HRSG (Heat Recovery Steam Generator). Clean
syngas fuel of the gas turbine is assumed to be produced through Shell gasification of Visbreaker residue oil
and Sulfinol-SCOT-Claus gas cleanup processes. The process optimization results show that the best effi-
ciency of IGCC plant is achieved at 20% air extraction condition in the case without nitrogen dilution of gas
turbine combustor and at the 40% with nitrogen dilution. Nitrogen dilution of combustor has very favorable
and remarkable effect in reducing NOx emission level, while shifting the operation point of gas turbine to
near surge point.
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Fig. 1. Schematic diagram of heavy residue oil IGCC
power plant.
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Table 1. Ultimate analysis of visbreaker residue and
butane asphalt.

Ultimate analysis Visbreaker Butane

(wt %) residue asphalt
Carbon 85.27 84.37
Hydrogen 10.08 9.67
Nitrogen 0.30 0.52
Sulfur 4.00 5.01
Oxygen 0.20 0.35
Ash 0.15 0.08

Table 2. Composition and heating value of clean
syngas fuel,

Composition Visbreaker Butane
(Vol %) residue asphalt
H, 45.50 44.80

cO 50.28 50.98

CO, 2.25 2.17

H,0 0.19 0.19

CH, 0.50 0.52

N, 0.40 047

Ar 0.88 0.87
LHV(kJ/kg) 15729.8 15608.4
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Fig. 2. Schematic diagram of the gas turbine integrated with ASU.
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Fig. 3. Simulation model of heavy residue oil IGCC
power block.

— HP economizer#2 — 1P superheater
— P evaporator — [P economizer

— HP economizer#] — LP superheater
.

LP evaporator — Feed water heater

Z71eful-e AdiiAlS AHsl 2 HRSG vj7)7k2e)
BiEer FE 100°CE Agksisde}. melal ofelst ASU
2} QAR 7RREil BT AtelE B3PUHA ) AdAle
ZPE AL Y T=el GaeCycled o|-835)9].0m, o]
) Al 2AME 913 5o Fig. 3o ZAlEle] g}

Hug, B oupe o] ol &3l kel W EV)A)
o} &) A% AR Alg Akl 5% viRkelA 3 o
A&led 3L, .J{P NOx A E 2F 10% W2l dellA
A o EAANE 7Pt

sid HE W HE

Figs. 4.5 A23Yo] gle 5ok e 4t o

Visbreaker Residue{ W/0 N2 Dilution )

250
200 e —
z {BASU Power
s 15 BS/T Power
";’ 10 {3G/T Power
< | (O Overall Power
0% 20% 40% 60% 80% 100%
Air Extraction Ratio( %)
Butane Asphaltl W/O N2 Dilution )
250 -
.. 200 v
2 ASU Power !
\2: 180 S/T Power
£ 100 i (O G/T Power
& | {0 Overall Power

0% 20% 40% 60% 80% 100%
Air Extraction ratio( %)

Fig. 4. Power output & consumption of heavy residue
oil IGCC plant without N, dilution.
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Fig. 5. Power output & consumption of heavy residue
oil IGCC plant with N, dilution.
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Fig. 6. Gas turbine efficiency of IGCC power plant.
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Fig. 7. Overall cycle efficiency of IGCC power plant.
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Fig. 11. NOx emission of IGCC power plant.

e Rjolo), ey, Aad]A o] °|'r‘°17‘ 739 NOx
b o] FAkAMGL] 749 150~a70 ppm FEo 2 FA
3] AzEw, 7o) Hedrfae} FE3 NOx ““g—ﬁ S
F2sHAl $id}, =3 375 F 2234 ef| vls] NOx
7ol & ¢S A A= 4SS o = it olE
g Al ) 509 Fvke 94 diex &
7Ve fukshe o]2 ola]l NOx 71 8.9lo] s},
F7] F3vle] F1E Qg A4 AF ke i
238 NOx MzHastz #Hgsle] F Zapr) Az Ak
57) wjEez ekl

=8 Fig. 1125€], T30 5l uet 548
F713E0) W AaslN Zade) M, NOx WAk
o] vhAx zpel7} e B 4= )t o33k Al Frix]
FAA 7kad] 270] Ae] Faslte] rEAEM] QA4
L%, o Follm & Aol7l glol, 29} 58 e &
ME AeilpFolli= 2] & TS viAR] ghond o
gt 259} gf2do) ua|gh Alo]Z qlsll NOx A gl
= A ppm oA AlE 7L 4 92 9rldi)

.38 B

AHA A A4S 218 Ahas) Bk
A A% T A 2AF 7S Agksigar, 2o
e F3Ae] dE£2) Visbreaker residue?t Butane
asphalel] thsll H-83le] Ak}, o|&Azta e, 7
FEH 8 Fael ALSME B By Z9E £ 9
itol 7RsEl, A A AT RS A FMe] ¢l
Aol oF 20% F7] 59 2AAA], A4 34

Energy Engg. J (2001), Vol. 10(3)



194 el

o} 9l Aol 40~60% 57] F34) WA HA
2] 7t% Bt o vholrt, e 7] FEu|el A4
o] Faldl] o] FolAEFE IGCC FNEE AAsl= H
S0, ZhAEIS qbEn] At vlEe] AR e} 22
$A BeAle] E JlsAle) FolRE o 4 it
=g A o TGS AMSRE Agddls, =
ko] 24 o widepe] AR Aol 29, 18
gu), WA uz] T 2 ATHeEel 2 <d¥E
A skt

NOx g2 AasMe] gl -4t A7k
A0 A W okS Welu} AAIXNE Es o
60% 71ke] zto| 71sslsdct. it 37] 3548 NOx
ubg o A3t} Z o3FE viAR) S o 4 U

7

2 d7E 1E/eATUS suska 3937
SATAEL AR I3k ANt ool AANSA 3
A=Y,

ot

IEH

1. Schulman, B.L. and Dickenson, R.L.: ACS Spring

olltix|Zst M10a M3z 2001 9

123

ofy

Nat’l Meeting Procd., 463 (1993).

, Kwon, S.H. e al.: “Hydrogen Production Alternatives

in an IGCC Plant”, Hydrocarbon Processing, 73-76
(1999).

. Liebner, W. and Hauser, N.: “Optimizing/Costing

Study for a 500 MW IGCC Power Plant Based on
the Shell Gasification Process”, EPRI Gasification
Technology Conference, 1-16 (1996).

ol 9] FAMEL] 500MW F 7kt Bghibd A

£ A= w71 HWAHAK KONGHAK, 37, 775-781
(1999).

- ol%E o AL Muikest BEpiEREe)

A5537)}”, HWAHAK KONGHAK, 37, 47-55 (1999).

col F 9 eMubzlast B3P g JkaEmle] A

Fo7v, SAZAAG, 2, 7-14 (1999).

col & fEs LY MebiaE Agse &

kA Alo| 2] Als 4l NOx wiE B4, 3haeliv
=) 28} 3)A), 295-302 (2000).

. Lefebvre, A.H.: Gas Turbine Combustion, Hemisphere

Publishing Co. (1983).

. Claey, J.P. er al.: “Combustion System Performance

and Field Test Results of MS7001F Gas Turbine”, J.
of Eng. for Gas Turbine and Power, 115, 537-545
(1993).



